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Abstract 

The purpose of t h i s  paper i s  t o  describe the  
design of t he  Space Station Electrical  Power Sys- 
tem. This includes the  Photovoltaic and Solar 
Dynamic Power Modules a s  well as the  Power Manage- 
ment and Distribution System ( P M A D ) .  I n  addition, 
two programmatic options f o r  developing the  Elec- 
t r i c a l  Power System will  be presented. 
approach i s  defined as the Enhanced Configuration 
and represents the  r e su l t s  of the  Phase B studies 
conducted by the NASA Lewis Research Center over 
the  l a s t  2 years. Another option, the  Phased Pro- 
gram, represents a more measured approach t o  
reaching about the  same capabi l i ty  as the  Enhanced 
Configuration. 

Background 

One 
7 

NASA Lewis i s  responsible f o r  developing the  
e l ec t r i ca l  power system f o r  the  Space Station. 
This respons ib i l i ty  includes the end-to-end elec- 
t r i c  power systems f o r  b o t h  the Space Station and 
the  free-flying platforms. Abnard the  Space Sta- 
t i on ,  t h i s  encompasses the  hybrid power system 
consisting of the Photovoltaic ( P V )  and Solar 
Dynamic ( S D )  modules as well as the  440 V ,  20 kHz 
Power Management and Distribution ( P M A D )  system. 
Photovoltaic and PMAD orb i ta l  replacement units 
and/or component level hardware a re  delivered by 
NASA Lewis t o  other NASA f i e l d  Centers f o r  instal-  
lat ion and integration in to  the platform elements. 
The f i r s t  section of t h i s  paper describes the  pre- 
liminary design of the  Electrical  Power System as 
i t  existed a t  the  completion of the  Phase B design 
e f fo r t .  This ac t iv i ty  was conducted by NASA Lewis 
in  conjunction with i t s  contractors and was com- 
pleted in January, 1987 (NAS3-2466). The power 
levels for the  presented designs represent a 75 kW 
Space Station with 25 kW PV and 50 kW SD. This 
was l a t e r  modified t o  37.5 kW Photovoltaic and 
50 kW Solar Dynamic as a r e su l t  of concerns raised 
over t he  amount of power ( P V )  available f o r  users 
during the ea r ly  phases of assembly. The platform 
Power systems are  a l l  Photovoltaic and provide 
about 4 kW i n i t i a l l y .  

In response t o  key issues associated with 
user requirements and overall  Space Station Program 
funding, NASA Lewis recommended another possible 
option t o  t h e  Reagan Administration and the  Con- 
gress. This option was termed the  Phased Program 
f o r  t he  development of the  Space Station and plat-  
forms. During Phase 1, consisting of 12  assembly 
f l i g h t s ,  t he  power level of the Station will  reach 
75 kW and cons is t  of Photovoltaic modules only. 
During Phase 2 ,  t he  Solar Dynamic power modules 
will  be brought up t o  r a i s e  the t o t a l  power level 
t o  125 kW. 
power will be developed during Phase 1 followed by 

A s ing le  Polar platform with 4 kW of 
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a co-orbiting platform of equal s i z e  during 
Phase 2 .  

Description of Space Station Electric Power System 

Overall Power System Description 

Configuration of t he  Space Station i s  shown in  
Fig. 1. Several of the key fea tures  of t he  Elec- 
t r i c a l  Power System f o r  e i the r  program option a re  
apparent in t h i s  schematic. The Power Generation 
System i s  located on a t ru s s  (transverse boom) 
which runs perpendicular t o  the  dual keels. For  
t h i s  configuration, two 18.75 kW Photovoltaic mod- 
u les  are located on the truss (one on each s ide)  
outboard of the  a r t icu la t ing  jo in t s  and inboard of 
t he  indicated Solar Dynamic modules. 
two 25 kW Solar Dynamic modules located on  the 
t r u s s  (one on each end). In order t o  position the 
modules, a r t icu la t ing  jo in t s ,  termed alpha and 
beta, a re  used (Fig. 1). The a l p h a  j o i n t s  provide 
an a b i l i t y  f o r  the  modules t o  ro t a t e  with respect 
t o  the  dual keels. They allow the  modules t o  face 
the  s u n  during each o rb i t  of the ear th .  The beta 
j o i n t s ,  which are contained within each module, 
provide fur ther  a r t icu la t ion  capabili ty t o  account 
f o r  seasonal changes as the earth ro ta tes  around 
the  sun each year. The Power Management and Dis- 
t r ibu t ion  i s  not shown b u t  cons is t s  of a l l  the  
hardware and software necessary t o  control power 
generation from a l l  sources and d i s t r ibu te  i t  t o  
the variety of load centers throughout the  Space 
Station s t ruc ture  and manned modules. The Elec- 
t r i c a l  Power System i s  designed t o  have suf f ic ien t  
electro-chemical and thermal energy storage t o  
provide power continuously, even during the  ec l ipse  
portions of the  o rb i t ,  which represent approxi- 
mately one-third of the t o t a l  o rb i ta l  time. 

Photovoltaic Power Modules 

A n  overall schematic depicting the Enhanced 

There are 

The Photovoltaic power system cons is t s  of 

Each 
18.75 kW Photovoltaic modules located outboard of 
each alpha j o i n t  on the  transverse boom. 
module contains the  following major assemblies: 
so l a r  array wings, thermal control rad ia tor ,  beta 
gimbal, integrated equipment assembly, and inte- 
gration hardware (Fig. 2 ) .  The integrated equip- 
ment assembly box contains the  ba t t e r i e s ,  PV 
cont ro l le r ,  and the  dc-ac inverter.  

PV Arra Win s. The Photovoltaic system uses 
so l a r  + arrays or power generation during the sun 
portion of the  o rb i t .  They also supply power t o  
charge the  ba t t e r i e s  which supply power t o  loads 
during the  ec l ipse  portion of the orb i t .  
module contains two lightweight PV array wings, 
with a t o t a l  of four array wings on  the  Space 
Station. As shown in Fig. 3, each wing consists 
of two identical  blanket assemblies. The blanket 
assemblies are constructed with mechanically 
hinged, coated, f l ex ib l e  kapton panels. They are  
supported by a deployable/retractable center mast. 
The blanket assemblies also consist  of a f l ex ib l e  

Each 
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s u b s t r a t e  wh ich  suppor ts  t h e  s o l a r  c e l l s  and a 
f l a t  c o n d u c t o r  cab le  which conducts  e l e c t r i c a l  
c u r r e n t  t o  t h e  base o f  t h e  a r ray .  

g r idded-back  (h ighe r  e f f i c i e n c y )  s i l i c o n  s o l a r  
c e l l s  h a v i n g  a th i ckness  o f  8 m i l s  wh ich  o p e r a t e  
a t  160 V nomina l l y .  The c e l l s  a r e  mounted on a 
kap ton  subs t ra te .  Each w ing  i s  a p p r o x i m a t e l y  33  
b y  96  f t. A key f e a t u r e  o f  t h e  s o l a r  a r r a y  wings 
i s  i t s  s t o w a b i l i t y  and d e p l o y a b i l i t y .  The wings 
a r e  stowed i n  the  c o n t a i n e r  cove r  assembly. As 
t h e  w ings  a r e  deployed, t h e y  a r e  suppor ted  by  a 
d e p l o y a b l e  c o i l a b l e / l o n g e r o n  mast ( F i g .  3 ) .  A 
b l a n k e t  suppor t  t e n s i o n  assembly i s  used t o  s u p p l y  
t e n s i o n  t o  t h e  b lanke t  as i t  reaches comple te  
ex tens ion .  
t o  t h e  t ransve rse  boom b y  means o f  t h e  b e t a  g imba l  
assembly. 

The b l a n k e t  assembl ies u t i l i z e  8 b y  8 cm 

The e n t i r e  w ing  i s  t i e d  s t r u c t u r a l l y  

Nickel-Hydrogen B a t t e r i e s .  N icke l -Hydrogen 
NiH2) b a t t e r i e s  a r e  used t o  s u p p l y  power t o  \ oads d u r i n q  e c l i p s e  p e r i o d s .  The b a t t e r i e s  a r e  

l o c a t e d  w i t h i n  the  i n t e g r a t e d  equipment assembly 
( F i g .  2 ) .  These b a t t e r i e s  have a moderate c a p a c i t y  
o f  about  62 A-hr. 
used on t h e  Space S t a t i o n  PV power system, f o u r  
p e r  P V  module. A r e p r e s e n t a t i v e  NiH2 b a t t e r y  
pack i n c l u d i n g  w i r i n g  harness, mechan ica l  and 
t h e r m a l  suppor t  components i s  shown i n  F i g .  4. 
N icke l -Hydroyen b a t t e r i e s  a r e  a l s o  used on t h e  
P l a t f o r m s  as w e l l .  I n  p a r t i c u l a r ,  t h e s e  b a t t e r i e s  
s a t i s f y  t h e  p o l a r  p l a t f o r m  needs o f  minimum w e i g h t  
w i t h  h i g h  r e l i a b i l i t y  and minimum redundancy. 

A t o t a l  o f  e i g h t  b a t t e r i e s  a r e  

S o l a r  Dynamic Power Modules 

The S o l a r  Dynamic power sys tem c o n s i s t s  o f  
t w o  25 kW S o l a r  Dynamic modules l o c a t e d  a t  each 
end o f  t h e  t ransve rse  boom ou tboard  o f  t h e  Photo- 
v o l t a i c  modules. Each module c o n t a i n s  t h e  f o l l o w -  
i n g  m a j o r  assembl ies:  c o n c e n t r a t o r ,  r e c e i v e r ,  
power convers ion  u n i t  (PCU), r a d i a t o r ,  e l e c t r i c a l  
equipment,  i n t e g r a t i o n  hardware, i n t e r f a c e  s u p p o r t  
s t r u c t u r e ,  and be ta  j o i n t  g imba l .  Each module 
w i l l  s u p p l y  25 kW n o m i n a l l y  d u r i n g  b o t h  t h e  s u n l i t  
and e c l i p s e  p o r t i o n s  o f  t h e  o r b i t .  

F o r  t h e  Solar Dynamic power system, two  c y c l e s  
were cons ide red  as cand ida tes  f o r  development;  t h e  
C losed B r a y t o n  Cyc le  (CBC) ( F i g .  5 ) ,  and Organ ic  
Rank ine  C y c l e  ( O R C )  ( F i g .  6 ) .  B o t h  c a n d i d a t e  sys- 
tems c o n t a i n  a c o n c e n t r a t o r  t o  c a p t u r e  t h e  i ncoming  
s o l a r  f l u x ,  a r e c e i v e r  wh ich  absorbs t h e  s o l a r  
energy  and a power convers ion  u n i t  wh ich  t a k e s  t h e  
work ing  f l u i d  which passes t h r o u g h  t h e  r e c e i v e r  
and expands i t  th rough a t u r b o - a l t e r n a t o r  t o  p ro -  
duce e l e c t r i c i t y .  F i n a l l y ,  a r a d i a t o r  r e j e c t s  
waste hea t .  An examinat ion  o f  F i g s .  5 and 6 i n d i -  
c a t e s  t h a t  these c a n d i d a t e  systems c o n t a i n  t h e  
same assembl ies and a re  o f  r o u g h l y  comparable s i z e .  
The p r i n c i p a l  d i f f e r e n c e s  l i e  i n  t h e  work ing  f l u i d  
and o p e r a t i n g  temperatures.  The CBC opera tes  w i t h  
Helium-Xenon gas as a work ing  f l u i d  w i t h o a  t u r b i n e  
i n l e t  tempera ture  o f  app rox ima te l y  1400 F. I n  
t h e  CBC, t h e  gas remains i n  a superheated  s t a t e  
o v e r  t h e  e n t i r e  c y c l e .  
t o l u e n e  f l u i d  as t h e  work ing  medium w i t h  a t u r b i n e  
i n l e t  tempera ture  o f  app rox ima te l y  750 OF. The 
work ing  f l u i d  i n  t h e  ORC undergoes phase changes 
r a n g i n g  f r o m  compressed l i q u i d ,  s a t u r a t e d  two-phase 
l i q u i d - v a p o r ,  superheated vapor,  and s u p e r c r i t i c a l  
f l u i d .  

The ORC o p e r a t e s  w i t h  
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Concen t ra to r .  The c o n c e n t r a t o r  assembly i s  
shown i n  F i g .  7. The purpose of t h e  c o n c e n t r a t o r  
i s  t o  c a p t u r e  and f o c u s  t h e  incoming s o l a r  f l u x  
w i t h  a r e f l e c t i v e  concave s u r f a c e  and send i t  
t h r o u g h  t h e  r e c e i v e r  a p e r t u r e .  

The cnncent . ra to r  shown i s  s u i t a b l e  f o r  b o t h  
t h e  ORC and CBC power systems. The p r i m a r y  d i f -  
f e r e n c e  l i e s  i n  t h e  p o i n t i n g  accuracy  and t h e  t o t a l  
s u r f a c e  a rea  requ i remen ts .  The c o n c e n t r a t o r  d e s i g n  
i s  a p a r a b o l i c  o f f s e t  r e f l e c t o r ,  g imba led  about  
t h e  r e c e i v e r  a p e r t u r e  c e n t e r .  F i n e  p o i n t i n g  o f  
t h e  c o n c e n t r a t o r  i s  p r o v i d e d  b y  two  l i n e a r  ac tua-  
t o r s .  The CBC c o n c e n t r a t o r  r e q u i r e s  19 f u l l - s i z e  
hexagonal  pane ls  t h a t  a r e  l a t c h e d  t o g e t h e r  on 
o r b i t .  
hexagonal  pane ls  and 12  s m a l l e r  edge-wedge p a n e l s  
t o  p r o v i d e  r e q u i r e d  a d d i t i o n a l  c o n c e n t r a t o r  area. 

The ORC c o n c e n t r a t o r  r e q u i r e s  19 f u l l - s i z e  

Rece iver /Power  Convers ion  Uni t .  Bo th  t h e  ORC 
and C R  systems c o n t a i n  a r e c e i v e r  wh ich  accep ts  
and absorbs  s o l a r  energy  f r o m  t h e  c o n c e n t r a t o r  f o r  
use  d u r i n g  b o t h  t h e  sun and e c l i p s e  p o r t i o n s  o f  
t h e  o r b i t .  Bo th  c a n d i d a t e  r e c e i v e r s  s t o r e  t h e r m a l  
energy  i n  a phase change s a l t  t o  p r o v i d e  energy  
d u r i n g  t h e  e c l i p s e  p e r i o d .  
power convers ion  u n i t s  (PCU) use  a combined r o t a t -  
i n g  u n i t  c o n s i s t i n g  o f  a t u r b i n e ,  a l t e r n a t o r ,  and 
pump (ORC) o r  compressor (CBC). 
i n c l u d e s  a r e c u p e r a t o r l r e g e n e r a t o r  hea t  exchanger  
f o r  improv ing  c y c l e  e f f i c i e n c y .  

A schematic of  t h e  CBC rece ive r lPCU i s  shown 
i n  F i g .  8. 
abso rb ing  c a v i t y  whose w a l l s  a r e  l i n e d  w i t h  82  
w o r k i n g  f l u i d  tubes .  Each t u b e  i s  encased i n  a 
s e r i e s  of sma l l  c a n i s t e r s  c o n t a i n i n g  t h e  t h e r m a l  
ene rgy  s to rage  s a l t  ( L i F  CaF2). The Bray ton  PCU 
w i t h  assoc ia ted  d u c t i n g  i s  shown a t t a c h e d  t o  t h e  
h e a t  r e c e i v e r .  

Bo th  t h e  ORC and CBC 

The PCU a l s o  

The r e c e i v e r  c o n s i s t s  o f  a c y l i n d r i c a l  

A schematic o f  t h e  ORC rece ive r /PCU i s  shown 
The ORC r e c e i v e r  c o n s i s t s  o f  a c y l i n -  

Each hea t  p i p e  c o n t a i n s  

As i n  t h e  case  o f  t h e  CBC engine, t h e  

i n  F i g .  9. 
d r i c a l  abso rb ing  c a v i t y  whose w a l l s  a r e  l i n e d  w i t h  
42  h e a t  p i p e  assembl ies.  
t w o  the rma l  energy  s t o r a g e  c a n i s t e r s  f i l l e d  w i t h  
l i t h i u m - h y d r o x i d e  (LiOH) s a l t  and a t o l u e n e  vapor -  
i z e r  tube. 
ORC PCU i s  a t tached  t o  t h e  b a c k p l a t e  o f  t h e  
r e c e i v e r .  

A s  i n d i c a t e d  i n  F i g s .  5 and 6, b o t h  systems 
u t i l i z e  hea t  r e j e c t i o n  assembl ies.  The b a s e l i n e  
h e a t  r e j e c t i o n  system f o r  t h e  ORC system uses a 
hea t  p i p e  r a d i a t o r  w h i l e  t h e  CBC system uses a 
pumped l o o p  r a d i a t o r .  

Power Management and D i s t r i b u t i o n  

shows t h e  Space S t a t i o n  h y b r i d  a r c h i t e c t u r e .  The 
SD system i s  r e g u l a t e d  t o  p roduce 208 V, 3-phase, 
1200 Hz ac power. A f r e q u e n c y  changer c o n v e r t s  
t h e  power t o  440 V, 1-phase, 20 kHz. The s o l a r  
a r r a y s  a r e  r e g u l a t e d  t o  p roduce 160 V dc. 
c h a r g i n g  o f  t h e  Ni-HZ b a t t e r i e s  i s  c o n t r o l l e d  b y  
t h e  i n d i v i d u a l  cha rge  and d i s c h a r g e  r e g u l a t o r s .  
The ma in  i n v e r t e r s  r e c e i v e  approx ima te l y  160 V dc 
f r o m  t h e  a r r a y s  and b a t t e r i e s  and c o n v e r t  i t  t o  
r e g u l a t e d  440 V, 1-phase, 20 kHz ac power. The 
i n v e r t e r  s i z i n g  i s  such t h a t  t h e  t r a n s m i s s i o n  o f  
peak power (1.3 t i m e s  average power) r e q u i r e s  t h e  
f u l l  c a p a c i t y  o f  two  i n v e r t e r s .  

Reference PMAD System A r c h i t e c t u r e .  F i g u r e  10 

The 

The power i s  



t r a n s m i t t e d  ac ross  t h e  a l p h a  j o i n t  b y  r o l l  r i n g s ,  
wh ich  a r e  s i z e d  t o  hand le  peak power requ i remen ts  
f o r  a 300 kW g rowth  Space S t a t i o n .  

Upper lLower  S t a t i o n  PMAD. The d i s t r i b u t i o n  o f  
power t o  t h e  upper  and lower  Space S t a t i o n  i s  shown 
i n  F i a .  11. A d u a l  r i n q  d i s t r i b u t i o n  svstem i s  
used f o r  b o t h  t h e  upper-and lower  keels: 
a r e  main  bus s w i t c h i n g  assembl ies  (MESA) a d j a c e n t  
t o  each a l p h a  j o i n t  and i n - l i n e  power d i s t r i b u t i o n  
and c o n t r o l  assembl ies  (PDCA) a t  t h e  v a r i o u s  l o a d  
l o c a t i o n s .  

There 

Modules PMAD. F i g u r e  1 2  shows t h e  d i s t r i b u t i o n  
o f  power t o  t h e  modules. Two ma in  d i s t r i b u t i o n  
c a b l e s  a r e  p r o v i d e d  t o  each o f  r e s o u r c e  nodes 1 
and 2, and one d i s t r i b u t i o n  c a b l e  each t o  resource  
nodes 3 and 4. The d i s t r i b u t i o n  c a b l i n g  f o r  t h e  
e n t i r e  Space S t a t i o n  i s  s i z e d  t o  accommodate a 
g rowth  power l e v e l  o f  175 kW. 
c a b l e s  l e a d i n g  t o  t h e  f o u r  resource  nodes, t h e r e  
i s  a c a b l e  f o r  t h e  a t t a c h e d  p r e s s u r i z e d  pay load  as 
shown i n  F i g .  12. 

The PMAD system has been des igned t o  be  a b l e  
t o  accommodate changes i n  l o a d  t y p e  and s i z e  as 
w e l l  as b e i n g  amenable t o  growth.  The e l e c t r i c a l  
d i s t r i b u t i o n  system a r c h i t e c t u r e  f o r  t h e  f r e e -  
f l y i n g  p l a t f o r m s  uses t h e  same components as t h o s e  
s e l e c t e d  f o r  t h e  Space S t a t i o n .  NASA Lewis  i s  
r e s p o n s i b l e  f o r  des ign ing ,  deve lop ing ,  and produc- 
i n g  a l l  common hardware f o r  t h e  Soace S t a t i o n  and 
t h e  p l a t f o r m s .  These common PMAD components w i l l  
i n c l u d e  remote  bus i s o l a t o r s ,  cab les l connec to rs ,  
l o a d  c o n v e r t e r s ,  a r r a y  r e g u l a t o r s ,  e t c .  

I n  a d d i t i o n  t o  

Program Opt ions  

Enhanced C o n f i g u r a t i o n  

The Space S t a t i o n  des ign  wh ich  b a s i c a l l y  
r e s u l t e d  f r o m  t h e  Phase B e f f o r t  i s  d e f i n e d  as t h e  
Enhanced Program C o n f i g u r a t i o n .  The e l e c t r i c a l  
power sys tem f o r  t h i s  c o n f i g u r a t i o n  c o n s i s t s  o f  
two  18.75 P h o t o v o l t a i c  modules and two  25 kW S o l a r  
Dynamic Modules y i e l d i n g  a t o t a l  power o u t p u t  o f  
87.5 kW. The Power Management and D i s t r i b u t i o n  
System has a d i s t r i b u t i o n  f requency  o f  20 KHz a t  
400 V .  

The power modules f o r  t h e  Enhanced Programs 
a r e  r e q u i r e d  t o  be  launched on F l i g h t s  1, 2, and 9 
o f  t h e  17 f l i g h t  assembly sequence. On F l i g h t  1, 
a s i n g l e  P V  module i s  b rough t  up a long  w i th  asso- 
c i a t e d  t r u s s  s t r u c t u r e  and an a f t  r e s o u r c e  node 
( F i g .  13 ) .  Between F l i g h t s  1 and 2, t h e  Space 
S t a t i o n  f l y s  i n  t h e  a r row mode w i t h  t h e  PV a r r a y  
fea the red .  (The a r r a y s  p r o v i d e  approx ima te l y  6 kW 
i n  t h i s  mode.) On F l i g h t  2, t h e  second PV module 
i s  b r o u g h t  u p  ( F i g .  14) .  A t  t h i s  p o i n t ,  t h e  h o r i -  
z o n t a l  boom i s  comple ted  and approx ima te l y  12 kW 
a r e  p r o v i d e d  t o  t h e  users.  The use o f  P V  modules 
o n  t h e  f i r s t  two  f l i g h t s  i s  necessary  because up 
t o  t h a t  p o i n t  i n  t h e  assembly sequence, t h e  Space 
S t a t i o n  l a c k s  s o l a r  p o i n t i n g  c a p a b i l i t y .  

t h e  Space S t a t i o n  i n  t h e  normal mode, w i t h  t h e  
a r r a y s  un fea thered,  37.5 kW t o t a l  power i s  a v a i l -  
a b l e  ( 2 8  kW t o  t h e  use r ) .  

On F l i g h t  9, two  25 kW S o l a r  Dynamic modules 
a r e  b r o u g h t  t o  t h e  Space S t a t i o n ,  t h u s  comp le t i ng  

A t  F l i g h t  3, w i t h  t h e  c a p a b i l i t y  o f  f l y i n g  

t h e  s o l a r  power module assembly process. 
b r i n g s  t h e  f i n a l  power l e v e l  up t o  87.5 kW. 
schemat ic  o f  t h e  Space S t a t i o n  a t  t h e  c o m p l e t i o n  
o f  F l i g h t  9 i s  shown i n  F i  ;I. 15, The f u l l y  assem- 
b l e d  Space S t a t i o n  i s  as s own i n  F i g .  1. 

The Enhanced C o n f i g u r a t i o n  t o t a l  power a v a i l -  
a b i l i t y  i s  shown i n  F i g .  16 as a f u n c t i o n  o f  
assembly F l i g h t .  T h i s  enhanced c o n f i g u r a t i o n  sa t -  
i s f i e s  t h e  need f o r  more u s e r  power e a r l y  i n  t h e  
assembly sequence and i s  c o m p a t i b l e  w i th  a reduced  
S h u t t l e  per fo rmance and launch  f requency .  The 
a v a i l a b l e  u s e r  power ( F i g .  16), i s  t h e  d i f f e r e n c e  
between t h e  t o t a l  a v a i l a b l e  power and t h a t  r e q u i r e d  
f o r  Space S t a t i o n  housekeeping. 

Phased Program 

Concerns by  t h e  A d m i n i s t r a t i o n  and t h e  Con- 
g r e s s  about  t h e  t o t a l  c o s t  o f  t h e  Space S t a t i o n  
and t h e  amount o f  power a v a i l a b l e  t o  t h e  u s e r  a t  
t h e  c o m p l e t i o n  o f  t h e  assembly p rocess  l e d  t o  t h e  
development o f  a Phase Onelphase Two approach i n  
e a r l y  1987. 

a Phased approach would be  an i n c r e a s e  i n  t h e  
amount o f  P h o t o v o l t a i c  power (75  kW) assembled 
i n i t i a l l y  d u r i n g  what i s  te rmed Phase 1. 
t i o n ,  t h e  S o l a r  Dynamic power i s  postponed t o  t h e  
second Phase o f  t h e  program a t  wh ich  t i m e  t h e  power 
system w i l l  have a t o t a l  c a p a b i l i t y  o f  125 kW. 

one P V  module each on assembly F l i g h t s  1 and 2 
(18.75 kW p e r  each module) and two  PV modules on 
assembly F l i g h t  9. 

A schemat ic  o f  t h e  comple ted  Space S t a t i o n  a t  
t h e  end o f  Phase 1 ( c o n s i s t i n g  o f  12 assembly 
f l i g h t s )  i s  shown i n  F i g .  17. Again,  t h e  p r i m a r y  
impact  t o  t h e  E l e c t r i c a l  Power System i n v o l v e s  t h e  
P V  a r rays ;  t h e r e  a r e  4 modules and 8 a r r a y s  i n  t h e  
Phased Program, compared t o  2 modules and 4 a r r a y s  
i n  t h e  Enhanced C o n f i g u r a t i o n  Program. 

S o l a r  Dynamic System i s  b r o u g h t  up ( a t  t h i s  p o i n t  
90 kW i s  a v a i l a b l e  t o  t h e  u s e r ) .  
t h e  Space S t a t i o n  a t  t h e  c o m p l e t i o n  o f  Phase 2 i s  
shown i n  F i g .  18. 

T h i s  
A 

The p r i n c i p a l  impact  on  t h e  power sys tem f o r  

I n  a d d i -  

Phase One o f  t h e  program c o n s i s t s  o f  l a u n c h i n g  

On assembly F l i g h t  13, d u r i n g  Phase 2, a 50 kW 

A schemat ic  o f  

A l s o  i n d i c a t e d  i n  F i g .  19 i s  t h e  u s e r  power 
a v a i l a b l e  as a f u n c t i o n  o f  assembly f l i g h t .  The re  
i s  app rox ima te l y  85  kW a v a i l a b l e  t o  t h e  u s e r  a t  
t h e  c o m p l e t i o n  o f  Phase 2.  

f o r  t h e  E l e c t r i c  Power System i s  shown f o r  b o t h  
t h e  Phased Program O p t i o n  and t h e  Enhanced Con f ig -  
u r a t i o n  Program o p t i o n .  

I n  T a b l e  1, a compar ison o f  t h e  k e y  m i l e s t o n e s  

Summary 

The p r e l i m i n a r y  d e s i g n  o f  t h e  Space S t a t i o n  
E l e c t r i c  Power System has been completed. 
c o n s i s t s  o f  a H y b r i d  Power g e n e r a t i n g  sys tem 
composed o f  P h o t o v o l t a i c  and S o l a r  Dynamic 
Modules. There  a r e  two d e s i g n  o p t i o n s  f o r  t h e  
S o l a r  Dynamic System; C losed Bray ton  C y c l e  and 
Organ ic  Rank ine  Cycle.  
D i s t r i b u t i o n  System c o n s i s t s  o f  440 V, 1-phase, 
20 kHz ac power. The d e s i g n  o f  t h e  Space S t a t i o n  

I t  

The Power Management and 
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power system i s  compatible w i t h  t h a t  o f  t h e  
f r e e - f l y i n g  platforms which have common hardware 
f o r  t h e  Space S ta t i on  systems. 

Con f igu ra t i on  and y i e l d s  an 87.5 kW Hybr id  Power 
Space S ta t i on .  
Program, a l s o  y i e l d s  a h y b r i d  Dower system, b u t  

A second approach, t h e  Phased 

takes two phases t o  accomplish'and r e s u l t s  i n  
1 2 5  kW a t  completion. Both options u t i l i z e  a 
20 Hz PMAD system. 

Two Program op t ions  are c u r r e n t l y  be ing 
considered. One o p t i o n  i s  c a l l e d  t h e  Enhanced 

ORIGNAE PXGE TS 
OF POOR QUALITY 

FIGURE 1. - SPACE STATION, 
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INTEGRATED EQUIPMENT ASSEMBLY BETA GIMBAL 

FIGURE 2. - PHOTOVOLTAIC MODULE CONFIGURATION. 
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FIGURE 3.  - SOLAR ARRAY WING. 
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FIGURE 4. - REPRESENTATIVE N I - N ~  BATTERY PACK. 
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FIGURE 5 .  - CLOSED BRAYTON CYCLE SOLAR DYNAMIC MODULE. 

,-- CONCENTRATOR 

FIGURE 6 .  - ORGANIC RANKINE CYCLE SOLAR DYNAMIC POWER MODULE. 
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FIGURE 7. - SOLAR DYNAMIC CONCENTRATOR. 
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FIGURE 8. - CBC RECEIVER/PCU. 
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FIGURE 9.  - ORC RECIEVER/ORC PCU. 
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ELECTRIC POWER SYSTEM SOFTWARE 
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FIGURE 10.- SIMPLIFIED FEATURES OF THE EPS ARCHITECURE. 
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FIGURE 11. - SPACE STATION RING DISTRIBUTION SYSTEM (EXTERNAL LOAD AREAS ONLY). 
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FIGURE 12. - PRIMARY DISTRIBUTION FOR TRANSVERSE BOOM. 

FIGURE 13. - ASSEMBLY FL IGHT NO. 1. 
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FIGURE 14. - ASSEMBLY FLIGHT NO. 2. 

FIGURE 15. - ASSEMBLY FLIGHT NO. 9. 
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FIGURE 16. - ENHANCED CONFIGURATION USER POWER. 
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FIGURE 17. - SPACE STATION AT END OF PHASE 1. 
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